MICA is a nonclassical polymorphic MHC molecule. We investigated MICA allelic frequencies and MICA-HLA-B-HLA-C haplotypes in Brazilian Amerindians to describe the polymorphism and to extract information about the evolution of MICA gene. Kaingang is the first population described to have a high frequency of MICA*020, found associated with HLA-B*3505-HLACw*0401. Allele MICA*020 probably originated de novo in South America. The Guarani population had high frequencies of MICA*027. Allele MICA*00801 is common worldwide but rare among Amerindians, occurring only because of gene flow. The analysis of the 64 described MICA alleles revealed that in exons 2 and 4, synonymous substitutions are in excess, a result compatible with purifying selection. The opposite was observed for exons 3 and 6 and the excess of nonsynonymous substitutions was significant for exon 3, indicating positive selection. Few of the alleles described so far had exon 6 sequenced, impeding conclusions for the corresponding portion of the molecule. The analysis of the entire gene is required for a better understanding of the evolution of MICA's polymorphism and its functional consequences. This knowledge is of prime importance in view of the increasing awareness of the functional and medical implications of MICA gene variability.
Introduction
The major histocompatibility complex (MHC) is a 4 Mb region located in chromosome 6 (6p21.31). It is historically divided into three regions: class II (the most centromeric), class III and class I (the most telomeric). The classical genes HLA-A, -B and -C are located in the class I region, together with some nonclassical genes, such as HLA-E, -F and -G. 1 The most divergent class I genes are the MIC (MHC class I chain-related) genes. 2 The MIC gene family consists of seven genes, MICA to MICG, of which only MICA and MICB are expressed. MICA and MICB sequences are very similar to each other, with an identity of 91% for the coding sequence. However, the similarity of MICA extracellular domains a1, a2 and a3 to other MHC class I genes is only 18, 25 and 30%, respectively. 2 MICA is located about 40 kb from HLA-B 3 and linkage disequilibrium (LD) has been described between these two loci. 4 MICA was thought to be normally expressed only in the gastrointestinal epithelium, 3 but it is possible that it occurs in every organ, except for the central nervous system. 5 Its expression is stress induced, similar to that of heat-shock protein 70, because of a putative heat-shock element in its 5 0 -untranslated region, 6 and it is commonly observed in tumors. 7, 8 It binds to an activating receptor of natural killer (NK) cells, NKG2D, and interacts with gd T cells, NK cells and CD8 ab T cells. 9, 10 Differently from other class I molecules, its expression does not depend on the presence of b2-microglobulin or ATP-binding cassette transporter TAP. 6, 11 It may have an important role as a first line of defense in the epithelium signaling stressed cells to intraepithelial lymphocytes, but still much has to be learned about the functions of this gene.
Another feature that distinguishes MICA from most nonclassical class I genes is its high level of polymorphism. The gene has many single nucleotide polymorphisms (SNP) and also a short tandem repeat (STR) polymorphism that is located in exon 5, the region encoding the transmembrane domain. So far, 64 MICA alleles have been described (http://www.anthonynolan.org.uk/HIG/lists/ otherlist.html) and only one amino-acid substitution was found to have functional implications: the proteins with methionine in position 129 have a higher affinity to the NKG2D receptor than the proteins with valine at this position. 12 In addition, in alleles MICA*010 and MICA*025, there is a nucleotide substitution that causes a proline-for-arginine replacement at position six in the a1 domain, affecting the folding of the molecule and abolishing its expression on the cell surface. 13 The STR consists of (GCT)n repeats, corresponding to alanines in the protein. 14 Eight alleles have been described, A4, A5, A6, A7, A8, A9 and A10, with 4-10 GCT repetitions, and A5.1, which has a G insertion, causing a frame shift mutation that creates a premature In the populations from this study it could also be *00804. In the populations from this study it is MICA*01801. stop codon, leaving the protein with no cytoplasmic tail and a different positioning in the cell membrane. 15 A7, A8 and A10 are exclusively found in alleles MICA*050, MICA*055 and MICA*020, respectively, and are very rare: A7 and A8 have been described in one individual each 16 (http://www.ebi.ac.uk/imgt/hla/) and have not been found in the populations studied so far. A10, described by Perez-Rodriguez et al., 17 has been found only once, in a single haplotype together with HLA-B*5801 in the Hunan Han population of Southern China. 18 Another frame shift mutation is caused by a G deletion at the 3 0 end of exon 4, in alleles MICA*015 and MICA*017. Consequently, exon 5 encodes a novel polypeptide containing 12 leucine residues, as a result of the (GCT) 9 STR allele, and a premature stop codon is created at the beginning of exon 6. 19 Furthermore, a deletion of the entire MICA gene has been described and is relatively common in some populations, such as Japanese, Koreans and Angaite Amerindians. This deletion is found in LD with the allele HLA-B*4801. [20] [21] [22] There are several population studies of MICA gene but in some of them, exons 5 (that includes the STR) and 6 were not analyzed. 23 A greater number of population studies concerned only the STR in the transmembrane region.
In this study, we analyzed the Guarani Ñ andeva, Guarani Kaiowá, Guarani M'byá and Kaingang Amerindian populations. The Guarani population is from the linguistic family Tupi-Guarani belonging to the Tupi group and the Kaingang population belongs to the Macro-Jê group. Guarani and Kaingang live close to each other but have remarkable genetic and cultural differences. 24, 25 Another important feature of these populations is that gene flow from non-Amerindian and other Amerindian populations is low, with the exception of Guarani Ñ andeva, whose admixture was estimated as 14%. 25, 26 The aim of this study was to describe STR_MICA and MICA allelic frequencies and MICA-HLA-B-HLA-C associations in the Guarani and Kaingang populations from Brazil, to compare the diversity found with that of other populations and to extract information about the evolution of MICA polymorphism.
Results
The most common alleles in the Guarani population were MICA*00201, MICA*010 and MICA*027. Their cumulative frequency corresponds to approximately 85-94% in the three Guarani groups studied (Table 1) . For Guarani Ñ andeva and Kaiowá, MICA*00201 was the most frequent (38 and 64%, respectively), whereas for Guarani M'byá, it was MICA*027 (40%). These three alleles were also the most frequent in the Amerindian populations Toba, Wichi and Terena 27 and are part of the Eastern Asian MICA allele set, in which the alleles MICA*004, MICA*00801, MICA*00901 and MICA*01201 are also frequent (Table 1) .
For the Kaingang populations, the highest frequencies were observed for MICA*00201, MICA*010 and MICA*020, representing 84% of the alleles (Table 1) . MICA*00201 was the most frequent in both Rio das Cobras (44%) and Ivaí (36%). Interestingly, MICA*020, which differs from MICA*00201 only by the transmembrane STR, was almost twice more common in Ivaí (21%) than in Rio das Cobras (12%), compensating the frequency difference of allele MICA*00201 (Table 1 and above). We emphasize that this is the first report of a population with a high frequency of MICA*020. The A10 STR allele (Table 2) , which is associated exclusively with allele MICA*020, has thus far been found in just a single chromosome in a Hunan Han population of Southern China. 18 The STR_MICA alleles A5 and A9 occurred at high frequencies (420%) in all five Amerindian populations ( Table 2 ). In addition, A10 and the deletion of the MICA gene were frequent (47%) only in Kaingang, whereas A6 was frequent (9%) only in Guarani Kaiowá.
Haplotypic frequencies and linkage disequilibrium (LD) between the alleles of the STR in exon 5 of MICA and HLA-B gene were calculated. MICA and HLA-C alleles associated with each of the haplotypes are also listed (Table 3) . LD was very high, especially in the Guarani M'byá population. The deletion of the MICA gene was found in the same haplotype as HLA-B48 in all populations. Other haplotypes at high LD were A5-HLA-B40 and A9-HLA-B39. The allele HLA-B*5104, initially described as -B53G, 26 occurred exclusively with A5 and probably with MICA*010 and HLA-Cw15. Conversely, MICA*010 and MICA*00201 appeared with more than one HLA-B allele.
In the Guarani Ñ andeva, the most common haplotype (20%) was MICA*010-HLA-B15-HLA-Cw3, which had a high frequency (27%) also in the Guarani M'byá population, whose most frequent haplotype was MICA*027-HLA-B40-HLA-Cw3 (38%), whereas for Guarani Kaiowá, haplotype MICA*00201-HLA-B39-HLA-Cw7 Table 2 Allelic frequencies of STR_MICA and the respective MICA alleles including these STR variants was the most common (34%). Interestingly, the only difference between the MICA alleles of the haplotypes MICA*00201-HLA-B35-HLA-Cw4 and MICA*020-HLA-B35-HLA-Cw4, which were the most common in the Kaingang populations from Rio das Cobras (25 and 10%) and from Ivaí (16 and 20%), respectively, is the STR in exon 5 of MICA gene, A9 in allele MICA*00201 and A10 in MICA*020. The haplotype MICA*010-HLA-B*510101 had a high frequency (23%) in both the Kaingang populations and was observed with different HLA-C alleles (Cw1, Cw3 or Cw4).
The dendrogram based on MICA genetic distances showed a correlation of allelic frequencies with geographic distribution and ethnic characteristics of the populations. Amerindians integrated a cluster, apart from populations of other continents and closer to Eastern Asian populations. The Kaingang were separated from the other Amerindians (Figure 1 ).
The analysis of molecular variance (AMOVA) showed that 90% of the variation was found among individuals, Table 3 Two-loci haplotypic frequencies and linkage disequilibrium between STR_MICA and HLA-B 9% among populations within groups (that is, among the different Guarani and between the different Kaingang populations) and only 1% of the variation occurred among groups (that is, between Guarani and Kaingang populations).
When comparing the number of synonymous substitutions per synonymous site and the number of nonsynonymous substitutions per nonsynonymous site, synonymous substitutions were in excess for exons 2 and 4 and nonsynonymous substitutions were in excess for exons 3 and 6, indicating deviation from selective neutrality ( Table 4 ). The codon-based test of selective neutrality showed significant deviation only for exon 3 (P-value of 0.007), revealing positive selection.
Discussion
The distribution of MICA alleles in Amerindians differs clearly from that of populations in other continents. Noticeable differences are seen also between the Amerindian groups. Each Kaingang and Guarani population has only three to four common MICA alleles of which only two are frequent in all of the examined Amerindian populations. These are MICA*00201 and MICA*010, which occur also in populations of the other continents. Allele MICA*020 is extremely rare in all populations thus far analyzed, but occurs at elevated frequency in the Kaingang population, whereas MICA*027 is common in most Amerindians and in Eastern Asians, but not in the Kaingang population, and MICA*00901 is common only in the Guarani Kaiowá population and in non-Amerindians. The distinctiveness of the Guarani and Kaingang populations is in line with the results of earlier studies. 25, 26 Among the Amerindians, Guarani Ñ andeva had the highest genetic diversity, which agrees with the relatively high amount of gene flow (14%) from nonAmerindians into this population. 25 On the other hand, Guarani M'byá had a lower diversity and the highest levels of LD, possibly reflecting their genetic isolation and the effect of random genetic drift.
A series of alleles at frequencies typically lower than 5%, observed in the Kaingang and Guarani, was most probably introduced into these populations by postColumbian gene flow from Europeans and Africans: MICA*001, -*004, -*00701, -*00801, -*011, -*01201, -*015, -*01801 and -*019. This is evidenced by the HLA alleles of the corresponding haplotypes, which do not occur in isolated Amerindian populations but are common in Europe or Africa, such as HLA-B7, -B8, -B13, -B14, -B18, -B37 and -B45.
It seems likely that MICA*020 originated de novo in South America, in a haplotype MICA*00201-HLA-B*3505-HLA-Cw*0401. MICA*020 was described in a cell line of Caucasian origin that had the HLA-B alleles -B35 and -B7. 17 It differs from the widespread allele MICA*00201 because of the presence of the STR allele A10 instead of A9. The STR allele A10 has been found in a Hunan Han population of Southern China in a single chromosome, along with HLA-B*5801. 18 In the Kaingang population, the allele was found in a different haplotype, MICA*020-HLA-B*3505-HLA-Cw*0401. The Kaingang HLA-B35 alleles were -B*3501, -B*3506 or -B*3505, the latter two being exclusively found in Amerindians from South America and thought to have originated in this continent by gene conversion with HLA-B*3501 as the founding allele. 36 In the Kaingang population, HLA-B*3501 occurred together with MICA*00201. In the Guarani population, HLA-B*3501 has not been detected and -B*3505 occurred in cis with MICA*00201. Thus, it seems likely that MICA*020 originated de novo in South America in a haplotype MICA*00201-HLA-B*3505-HLACw*0401. The frequency of this new haplotype may have been increased by positive selection of the HLA-B allele or the MICA allele. Alternatively, random genetic drift might have been responsible for increasing its frequency. For MICA*020 to be originated, the only mutation required is an addition of one repetition unit in the STR of exon 5. So, it is not unlikely that this allele was originated de novo. Microsatellites (STR) have a high mutation rate and the addition of one repetition unit is usually the most frequent one. 37 Therefore, the only factor necessary to explain this convergent evolution is the mechanism of microsatellite mutation, by which the same allele may arise independently more than once.
Although MICA*00801 is the most frequent allele in almost all populations studied so far except Amerindians (Table 1) , MICA*027 is common in Eastern Asians 28, 29 and in all Amerindians analyzed, 27 except in the Kaingang population ( Table 1 ). The widespread distribution of allele MICA*00801 and its occurrence at high frequency and in many HLA haplotypes have led to the suggestion that it might be the ancestral MICA allele. 33 Interestingly, MICA*027 differs from MICA*00801 only by the STR in exon 5. MICA*00801 has A5.1, the STR allele with a G insertion that causes a frame shift mutation, and a premature stop codon, whereas MICA*027 has A5, which lacks the insertion. We remind that the microsatellite was not analyzed in all studies, so MICA*027 may have remained undetected in other populations. In this study, MICA*027 was associated with HLA-B40 as in Toba and Wichi, and not with -B48, a combination also observed in these other Amerindian populations 27 and in Japanese. 28 In the Korean population, it was associated mainly with HLA-B61(40). 29 MICA*00801 has been observed in haplotypes with many HLA-B alleles, including -B40. 4 MICA*027 may have originated from MICA*00801 by a deletion of G in the STR region or, alternatively, by recombination or gene conversion with an allele with five STR repetitions and no insertion. The high frequencies of MICA*00801 may result from positive selection. It has been shown that a protein of the human cytomegalovirus is able to downregulate surface expression of MICA, but not of MICA*00801, suggesting that this allele may be protective against cytomegalovirus infections.
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Concerning the hypothesis of MICA*00801 being the ancestral allele, it is more likely that the origin of MICA alleles had been polyphyletic. 39 Nevertheless, MICA*00801 seems to be one of the oldest alleles, and its association with HLA-B40 in populations from many continents 4 indicates that MICA*00801/027-HLA-B40 haplotypes may have been conserved.
The only allele observed at high frequency (X7%) worldwide is MICA*00201. In this study, MICA*00201 was associated with HLA-B35 and -B39. Association with HLA-B35 has been observed in populations from all continents, whereas association with HLA-B39 has been observed in Japanese and Amerindian. 4 Interestingly, the frequency of MICA*00201 differed between the Kaingang population from Ivaí and that from Rio das Cobras, as did the frequency of MICA*020. However, the sum of the frequencies of these two alleles was very similar (56%) in the two Kaingang populations. It should be noticed that these two populations did not differ significantly for most genetic polymorphisms so far analyzed. The cause of the difference in the frequencies of the alleles MICA*00201 and MICA*020 between the Kaingang populations is not evident. The two groups live ca. 180 km apart but maintain similar habits and living conditions.
Another example of apparent allele substitution is MICA*027 replacing MICA*00801 in all Amerindian populations analyzed, apart from the Kaingang. As commented above, this allele differs from MICA*00801 only by the STR in exon 5, which is not analyzed in most studies. Another allele with high frequency among Guarani and Kaingang populations is MICA*010, found worldwide, but common only in Eastern Asians and Amerindians. This allele encodes a protein with no surface expression. 13 In this study, MICA*010 was found associated with HLA-B15 and -B51. The association with HLA-B15 is common in other populations, whereas HLA-B51 occurs mostly with MICA*004 and MICA*009. 4 The Kaingang population had a high frequency of MICA gene deletion. This deletion occurs in Eastern Asians 21 and presented a high frequency (38%) in the Angaite Amerindians from Paraguay. 22 It was associated with allele HLA-B*4801 and, in most cases, with a null allele of MICB. Apparently, individuals homozygous for the deletion are normal and it has been hypothesized that this haplotype is maintained by natural selection. 21, 40 Surprisingly, it seems that all populations have high frequencies of MICA alleles that may have an altered function or no function at all. If we sum the frequencies (Table 1) of the deletion and of alleles MICA*00801, MICA*00802, MICA*00804, MICA*023, MICA*028, MICA*053 (alleles with the G insertion in the STR of exon 5), MICA*010, MICA*025, MICA*054 (alleles that have no surface expression because of a proline-forarginine substitution in the a1 domain), MICA*015 and MICA*017 (alleles with a G deletion at the end of exon 4, encoding a polypeptide with a different amino-acid sequence in the transmembrane region and with a short cytoplasmic tail), the total frequency is as high as 50-63% in Euro-Americans 32, 33 and Welsh 31 and varies from 30 to 44% in other non-Amerindian populations. In Amerindians, this summed frequency is approximately 18% in Wichi, Terena 27 and Guarani Kaiowá and 30-40% in the other populations. In conclusion, it seems that MICA alleles with no or limited function are not prejudicial to its carriers and may even have been subjected to positive selection or had their frequency raised by hitchhiking resulting from selection of the closely linked HLA-B or other MHC genes. In addition, the high frequency of these alleles leads us to conclude that much is still to be learned about the functions of MICA.
Position 129 of the MICA protein has been related to the affinity of binding to NKG2D receptor. 12 If we add the alleles with low affinity, the ones with valine at position 129, the summed frequency of alleles with altered function mentioned above achieves 75-80% in the Morocco population, 35 Japanese, 20 Welsh 31 and EuroAmericans 33 and is of at least 36% (in Guarani Kaiowá population). However, the functional implications of the binding affinity between MICA and its receptor are still unknown.
Interestingly, 38 of the 52 SNP in MICA cause an amino-acid substitution, which could indicate that selection may play a role in maintaining MICA diversity. However, the tests for selective neutrality showed evidence of positive selection only for exon 3 of the MICA gene, which codes for the a2 domain on the protein. A similar result was previously observed in an analysis of exons 2-4 of only 51 MICA alleles. 41 However, we observed that for exons 2 and 4, which code for a1 and a3 domains, the tendency is the opposite, pointing to purifying selection, but the results are not statistically significant. It has been suggested that the high variability in exon 3 could be reminiscent of the peptide groove of HLA molecules. 41 However, this groove is formed by both exons 2 and 3, and the former did not show an excess of nonsynonymous substitutions. For exon 6, which codes for the cytoplasmic domain, the results point to positive selection, but P-values were of 0.1, thus not significant. However, only 17 sequences could be used for this analysis, because most alleles are not sequenced for exon 6. It is possible that, with more sequences available, interesting results could be found for this portion of the molecule.
It may be advantageous for a population to have MICA molecules with different affinities to its receptor, as has been suggested for HLA class I molecules, 40 which could probably explain the high level of polymorphism and the high frequencies of MICA alleles with altered function or no function at all (see above). This hypothesis is supported by the evidences of positive or balancing selection observed in this study and by others. 41, 42 MICA was found to be in LD with HLA-B in many populations. Most of the MICA-HLA-B haplotypes observed in this study were also found in other populations, with the exception of MICA*010-HLA-B51 and MICA*020-HLA-B35. 4 To conclude, this is the first report of populations with high frequency of MICA*020. We present evidence that MICA*020 probably originated de novo in South America in a haplotype MICA*00201-HLA-B*3505-HLA-C*0401. Its high frequency in the Kaingang population may be because of natural selection favoring MICA or HLA-B or other MHC alleles in LD in this haplotype. Another possibility is that the frequency of MICA*020 allele rose because of genetic drift or other demographic events. Other common alleles in Amerindians were MICA*00201, MICA*010 and MICA*027. The first two have a worldwide distribution and high frequencies in almost all populations analyzed, whereas MICA*027 occurs in a subset of the Amerindian, and possibly also of the Eastern Asian populations. A complete deletion of the gene was also found with high frequency in the Kaingang population. MICA*00801 is very common worldwide, but in Guarani and Kaingang, it seems to occur only because of gene flow with non-Amerindian populations, as do MICA*001, -*004, -*00701, -*011, -*01201, -*015, -*01801 and -*019. Moreover, all populations have a significant frequency of alleles that seem to have an altered function or no function at all, indicating that these alleles may not be prejudicial and may even have been subjected to positive selection and that much remains to be learned about MICA function and evolution. Natural selection seems to have an important function in MICA evolution, and positive selection was observed for exon 3. Selection may account for the high frequencies of MICA*00801 in almost all non-Amerindian populations and the high frequency of MICA deletion in Asians and Amerindians. The comparison between populations is hampered by the fact that, in several studies, certain alleles were not tested (namely MICA*020, MICA*027 and MICA*049), and this may result in false assignments. We emphasize the importance of typing the whole gene, including exons 5 (with the STR) and 6. Many MICA alleles still do not have their sequences determined for these exons and new alleles may be recognized when the whole gene is analyzed in more populations. So, MICA diversity may be even higher than what we consider nowadays. The correct description of MICA polymorphism is of great importance in view of the increasing awareness of the functional and medical implications of its variability. Figure 2) .
Materials and methods

Population samples
Collection of the blood samples and DNA extraction were as described before. 25, 26, 43 
MICA typing
The STR typing consisted of PCR amplification of the region containing the microsatellite with the following primers (5 0 -3 0 sequences): STRMICAF: cctttttttcagggaaa gtgc and STRMICAR: ccttaccatctccagaaactgc, 44 followed by electrophoresis in an automated DNA sequencer, MegaBACE 1000 (GE Healthcare, Pollards Wood, UK). STRMICAF was labeled with VIC (a fluorescent dye). PCR had 0.25 mM dNTP, 1.5 mM MgCl 2 , 0.25 U of Taq DNA Polymerase Platinum (Invitrogen, Carlsbad, CA, USA), 1 Â buffer (20 mM Tris HCl (pH ¼ 8), 40 mM NaCl, 2 mM Na 2 SO 4 , 0.1 mM dithiothreitol, glycerol 50%), 0.05 mg of DNA and 0.2 mM of each primer. The reaction was performed in a thermocycler (Eppendorf Mastercycler epgradient S) with the first step at 94 1C for 3 min, followed by 30 cycles at 94 1C for 30 s, 54.5 1C for 30 s and 72 1C for 1 min, and a final step at 72 1C for 40 min. After PCR, the products were diluted in ultrapure water (2 ml of the product in 8 ml of water). Then, 2 ml of the diluted product were mixed with 0.3 ml of the size standard ET400-R (GE Healthcare) and 6.7 ml of 0.02 Â Tween. The products were denaturated for 3 min at 94 1C. The analyses were performed using Fragment Profiler version 1.2 (GE Healthcare).
On the basis of STR_MICA-HLA-B-HLA-C haplotypes (see below), samples were selected for MICA typing, which consisted of PCR-RSSOP (PCR-sequence-specific oligonucleotide probes reverse) using LABType RSSO MICA kit (One Lambda Inc., Canoga Park, CA, USA) and Luminex technology. All procedures followed the manufacturer's instructions. Assignment of each individual's genotype was achieved through the software HLA Visual 2.2 (One Lambda Inc.). Ambiguous results were solved by PCR-SSP (PCR-sequence-specific primers) as described by Collins et al. 45 and Rees et al. 31 The ambiguity between the alleles MICA*00901 and MICA*049 was solved by PCR-RFLP (PCR-restriction fragment length polymorphism), amplifying the region containing the SNP that differs between the two alleles with the primers MICAF: 5 0 -agctcgtgagcctgca-3 0 and MICAR: 5 0 -agtggagccagtggacccaag-3 0 and then digesting the products with BseGI restriction enzyme.
The HLA-B and -C genes were typed earlier 26, 36 (Tsuneto et al., manuscript in preparation).
Statistical analysis
First, haplotypic and allelic frequencies were obtained for STR_MICA, HLA-B and HLA-C using the ELB and EM algorithms included in the software package Arlequin v. 3.01, 46 attaining similar results. When the observed frequency of a haplotype is different from the expected one, the loci are said to be in LD. The parameters to measure LD (D, D 0 and P) between alleles from STR_MICA and HLA-B were also estimated using Arlequin v. 3.01. 46 The haplotypic frequencies calculated for the STR in exon 5 of MICA and the HLA genes B and C were used to select a subsample for MICA allelic typing with LABType RSSOP MICA kit (One Lambda Inc., Canoga Park, CA, USA). This subsample was carefully chosen to allow an accurate inference of MICA alleles in the remaining samples and contained at least two and up to 20 individuals with each of the haplotypes, with the exception of rare haplotypes for which just one individual was available. To allow this selection of individuals to the subsample and the posterior inference of MICA alleles, it was necessary to know each individual haplotype. The haplotypes for each individual were manually checked based on the list of common haplotypes (frequencies X1%) estimated by ELB and EM algorithms (see above). When only one haplotype from this list could be assigned for the individual, the other haplotype was deduced from the remaining alleles. In the great majority of cases (558 of 608), the two haplotypes were successfully inferred. For 48 individuals, some information was missing for at least one locus, making the deduction of both haplotypes impossible. For the other two individuals, there was an ambiguity in the typing result for one of the loci. When the haplotype was not inferred, if MICA was not typed for that individual sample, the allele was also not inferred. MICA was then typed by PCR-RSSOP in a subsample that included 107 Guarani and 67 Kaingang individuals. PCR-SSP typing was performed in some of those individuals to solve ambiguities and in an additional sample including 52 Guarani and 37 Kaingang individuals to enlarge the sample for some of the common haplotypes. The MICA alleles found were assumed to occur in the other individuals carrying the same STR_MICA-HLA-B-HLA-C haplotypes as the individuals who had their MICA alleles determined. This was possible because of the extreme LD seen among the STR_MICA, MICA, HLA-B and HLA-C alleles in all instances (see results). In addition, PCR-RFLP (as described above) was performed for all 39 individuals assumed to have allele MICA*00901 to distinguish it from allele MICA*049.
Cavalli-Sforza's chord measure of genetic distances was estimated 47 and used to construct a dendrogram by the Fitch-Margoliash method. 48 Both analyses were made with the software package Phylip. 49 The dendrogram was drawn using TreeView 1.6.6.
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AMOVA was carried out using the software package Arlequin v. 3.01. 46 For this analysis, the three Guarani populations defined a group, as did the two Kaingang populations.
The software DNA Sequence Polymorphism 4 51 was used to estimate the number of synonymous and nonsynonymous sites and the number of synonymous and nonsynonymous substitutions. To test the hypothesis of selective neutrality, the codon-based test of neutrality averaged over all pairs of the 64 MICA alleles was used, with the help of MEGA version 4. 52 These tests were done for the whole sequence and also for each exon separately.
